Hensel described the novel B-type peptidoglycan structure B2d [1] (B11 according to www.peptidoglycan-types.info; [2] ) with the interpeptide bridge D-Glu -D-Dab -L-Thr and glycine (Gly) and L-alanine (L-Ala) at positions 1 and 3, respectively, in 1984 after analysing purified cell walls of strain S27
T , an isolate originating from activated sludge. Following the proposal of Döpfer et al. [3] 'that the coryneform bacteria having a peptidoglycan of group B constitute a single genus, for which an emended genus Microbacterium will be proposed', strain S27
T was classified as Microbacterium sp. at that time and deposited at DSMZ with the strain number DSM 20621 T in 1983.
It took about 20 years until the peptidoglycan variation B2d (B11) was found again, namely for Leucobacter luti and Leucobacter alluvii [4] , while a peptidoglycan 'similar to the rare type B2d' was detected for both subspecies of Leucobacter chromiireducens [5, 6] . Peptidoglycans containing 2,4-diaminobutyric acid (Dab), threonine (Thr), Gly, Ala and glutamic acid (Glu) like in the type B2d were found also in other species and subspecies of the genus Leucobacter, namely in Leucobacter chromiireducens subsp. solipictus [6] , Leucobacter chromiiresistens [7] , Leucobacter chironomi [8] , Leucobacter celer (both subspecies) [9, 10] , Leucobacter iarius [11] , Leucobacter aerolatus (reported to contain additionally lysine) [12] , Leucobacter musarum (both subspecies) [9] , Leucobacter zeae [13] , Leucobacter holotrichiae [14] , Leucobacter ruminantium [15] and Leucobacter sp. DSM 101948 (Schumann, unpublished) . Although all members of the genus Leucobacter correspond in containing Dab, Glu, Ala and Gly in the peptidoglycan, the genus is inhomogeneous with respect to the occurrence of additional peptidoglycan amino acids [16] . No Thr but g-aminobutyric acid was found in the species Leucobacter komagatae [17] , Leucobacter albus [18] , Leucobacter denitrificans [19] , Leucobacter salsicius [20] , 'Leucobacter margaritiformis' [21] and Leucobacter exalbidus [22] . Neither Thr nor gaminobutyric acid were reported for Leucobacter tardus [23] , Leucobacter populi [24] 'Leucobacter kyeonggiensis' [25] and Leucobacter aridicollis [5] . Both Thr and g-aminobutyric acid were found in Leucobacter chironomi [8] . Peptidoglycan amino acids except of Dab were not reported for Leucobacter humi [26] .
Because the current definition of the genus Microbacterium [27] [28] [29] does not apply to organisms with Dab in the peptidoglycan and because its 16S rRNA gene had not yet been sequenced, strain DSM 20621 T was subjected to a polyphasic study in order to clarify whether it might be a member of the genus Leucobacter but not of Microbacterium. This is nowadays a rare case that an unusual peptidoglycan structure rather than the 16S rRNA gene sequence was the primary motive for the taxonomic re-investigation of a bacterial strain.
Strain S27
T (=DSM 20621 T ) was isolated from an aerated laboratory scale fermenter (temperature: [15] [16] [17] C; volume: 20 l; retention time: 10 days) fed with wastes of a yeast factory at the Botanical Institute of the University Munich (Germany) about 35 years ago [1] . Samples (0.1 ml) of the diluted and homogenised effluent of the fermenter were plated on an enriched nutrient agar medium consisting of 1.0 g glucose, 7.5 g peptone (Merck), 5.0 g meat extract 'Lab Lemco' (Oxoid), 2.5 g yeast extract (Oxoid), 2.5 g casamino acids (Difco), 5.0 g NaCl, 13 g agar (Merck) in 1 l tap water (pH 7.2-7.4) described by Ottow [30] . The plates were incubated at 20 C until single colonies could be selected for further purification.
The cells of strain S27
T (=DSM 20621 T ) were Gram-positive staining, non-motile, non-spore-forming regular rods (0.5 by 2.0 µm) irrespective of the age of the culture. The colonies were convex, circular with entire margins, opaque, yellow and 1-3 mm in diameter when grown on enriched nutrient agar for 3 days (own data, [1] ).
Strain DSM 20621
T was subjected to a 16S rRNA gene sequence analysis after isolation of its DNA by using the MasterPure Gram Positive DNA Purification Kit from Epicentre (Madison, USA). Phylogenetic analyses and construction of the phylogenetic trees were conducted by using the MEGA 7 program package with the neighbour-joining and maximum likelihood methods. Evolutionary distances were calculated according to the Kimura's two-parameter model in the neighbour joining analysis and the GTR model was chosen in the maximum-likelihood analysis [31, 32] . Pairwise sequence similarities were calculated using the method recommended by Meier-Kolthoff et al. [33] for the 16S rRNA gene by using the GGDC web server [34] (Figs 1 and S1 , available in the online version of this article), these three reference strains were included together with the type strain of the type species L. komagatae DSM 8803
T into the comparative phenotypic studies.
RiboPrint analysis was performed for differentiation of strain DSM 20621
T from the three related reference strains by digesting the chromosomal DNA with PvuII, followed by hybridisation of DNA fragments to a probe that encodes the rrn operon as described previously [37] , using the automated RiboPrinter system (Hygiena). The band pattern of strain DSM 20621
T differed from those of all three reference strains while the PvuII patterns of L. ruminantium DSM 104477 T and L. tardus DSM 19811 T were remarkably similar (Fig. S2 ).
Sample preparation for matrix-assisted laser-desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) protein analysis was carried out according to the ethanol/formic acid extraction protocol as described by Schumann and Maier [38] . The score-oriented dendrogramm ( T as revealed by 16S rRNA gene sequences was not confirmed by a high similarity in their mass spectra.
Growth at different temperatures was tested at 10, 15, 20, 28, 37 and 45 C in TSB supplemented with yeast extract (3 g l À1 ). Growth at different pH values (7, 8, 9, 10) , and with 0.5 % NaCl was tested in the same medium incubated at 28
C. The higher pH values were adjusted with a sodium sesquicarbonate solution. Sensitivity test at pH 5, pH 6, as well as with 1 % NaCl, 4 % NaCl and 8 % NaCl was part of the GenIII microplate assay (BIOLOG). Oxidase activity was analysed with BD oxidase droppers (1 % aqueous solution of N,N,N¢,N¢-tetramethyl-p-phenylenediamine) according to the manufacturer's instructions. Substrate utilisation tests were conducted by the use of the MicroLog System (Biolog GP2 microplates), as well as by the GenIII MicroPlate test panel, which also includes chemical sensitivity assays in the last three columns of the microplate.
For GP2 microplate's inoculum density was adjusted to 20 %. Strains DSM 20621 T , DSM 104477, and DSM 103043 were handled according to the standard protocol. Strain DSM 8803
T required the addition of thioglycolate (3 drops) and for DSM 19811 T three drops thioglycolate plus 1 ml of a sterile sodium salicylate solution (100 nM) were added. Analysis protocol A and inoculating fluid A were applied for use of the GenIII microplates as indicated in the manufacturer's instructions (BIOLOG). The substrate utilisation patterns are indicated in Table 1 .
Biomass of strain DSM 20621
T was cultivated for chemotaxonomic analyses on trypticase soy yeast extract medium containing 30 g trypticase soy broth (BD) and 3 g yeast extract (BD) per litre (pH 7.0-7.2; medium no. 92, www. dsmz.de) at 30 C for one day.
The peptidoglycan of strain DSM 20621 T was isolated and its structure was re-analysed according to published protocols [2] . Quantitative analysis of amino acids was performed after derivatisation (Protocols 10 and 11) by gas chromatography (GC 14A, Shimadzu) on a CP-ChiraSil-L-Val column (CP7495, Agilent Technologies) and by gas chromatography/mass spectrometry (320 MS Quadrupole GC/MS, Varian) on a VF-5ms column (CP8944, Agilent Technologies). The molar ratio of amino acids in the peptidoglycan hydrolysate (4N HCl, 100 C, 16 h) was 1.1 Dab : 1.5 Ala : 0.7 Gly : 0.7 Thr : 1.0 Glu which approximated to that detected by Hensel in 1984 (0.7 Dab : 1.6 Ala : 1.0 Gly : 0.9 Thr : 1.0 Glu) [1] . Chiral gas chromatographic analysis revealed the presence of 1. pH 6-9 6-9 6-9 6-10 6-9
Biolog GP2
Dextrin -- Other authors report that DNP-Ala (which might possibly be mistaken for DNP-Dab due to the highly similar chromatographic motility) but no N-terminal Thr was found in the peptidoglycan of Leucobacter species [4-7, 11, 12] . The occurrence of L-Dab but absence of D-Dab as well as the lack of N-terminal Thr, which was confirmed for several Leucobacter species, call details of the peptidoglycan structure B2d as proposed by Hensel [1] into question. In particular the affiliation to the subgroup B2 is not justified as Btype peptidoglycan variations containing an L-diamino acid in the interpeptide bridge (like in the case of strain DSM 20621 T ) belong per definition to subgroup B1 [40] .
Thin-layer chromatography of cell hydrolysates (1N H 2 SO 4 , 100 C, 2 h) according to Protocol 3 [2] resulted in the detection of the whole-cell sugars galactose, glucose, ribose, xylose and traces of mannose. Galactose, glucose and mannose were found as cell-wall sugars by [1] . The complex nature of whole-cell sugar patterns and possible influences of growth conditions may result in discrepancies for some components as discussed in [2] .
Isoprenoid quinones were extracted from lyophilised cells according to the method of Collins et al. [41] and analysed by HPLC (Shimadzu LC 20A) as reported earlier [42] . Strain DSM 20621 T contained the menaquinones MK-11, MK-10, MK-9, MK-6, MK-8 and MK-12 (ratio of peak areas, 89 : 15 : 9 : 6 : 4 : 3). Polar lipids were determined according to the method described by Minnikin et al. [43] and separated by twodimensional TLC. To identify spots, ninhydrin reagent, Zinzadze reagent, a-naphthol reagent, and molybdophosphoric acid were used [44] . The polar lipid profile of strain DSM 20621 T consisted mainly of phosphatidylglycerol and an unknown glycolipid. Only when applying excessive amounts of lipid extract to the silica gel plate, small amounts of diphosphatidyglycerol and of an unknown phospholipid became additionally visible (Fig. S4) .
Cellular fatty acids were extracted from cells cultivated on trypticase soy yeast extract agar (no. 92, www.dsmz.de) at 28 C until sufficient cells of comparable physiological age could be harvested from the third streak quadrant of the plates (Table 2) . Fatty acid methyl esters were obtained following the method of Stead et al. [45] and were analysed by gas chromatography using the Microbial Identification System (MIDI, Sherlock Version 6.1; database, TSBA6 6.10; gas chromatograph, model 6890 N, Agilent Technologies). Strain DSM 20621 T contained as major cellular fatty acids anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 17 : 0 and iso-C 17 : 0 . Both 'L. margaritiformis' DSM 103043 and L. ruminantium DSM 104477
T contained higher amounts of (Table 2) .
Genomic DNA for analysis of the base composition was isolated after disruption of bacterial cells by using a Constant Systems TS 0.75 KW instrument (IUL Instruments). After purification on hydroxyapatite according to the procedure of Cashion et al. [46] , the DNA was degraded to nucleosides by using P1 nuclease and bovine intestinal mucosa alkaline phosphatase as described by Mesbah et al. [47] . The nucleosides were separated by reversed-phase HPLC (Shimadzu LC 20A) according to the method described by Tamaoka and Komagata [48] . The G+C content of the DNA of strain DSM 20621 T was calculated from the ratio of deoxyguanosine to thymidine to be 70.1 mol%.
The phylogenetic analyses as well as the differentiation by physiological characteristics, fatty acid profile and details of the peptidoglycan structure from validly named species of the genus Leucobacter supported the proposition that strain DSM 20621
T represents a novel species for which the name Leucobacter weissii sp. nov. is proposed.
Due to the availability of new data an emended description of the genus Leucobacter is also proposed.
EMENDED DESCRIPTION OF THE GENUS LEUCOBACTER TAKEUCHI, WEISS, SCHUMANN AND YOKOTA 1996
The description of the genus is as that given by Takeuchi et al. [17] , with the following modifications. Cells are Gramstain-positive, rod-shaped, non-motile and non-sporeforming. Mycelium is not produced. Colonies are either non-pigmented or show cream to yellow pigments. Catalase is produced but oxidase and arginine dihydrolase are not. The cell wall peptidoglycan contains L-Dab, Glu, Ala and Gly. The peptidoglycan of some species contains additionally Thr or g-aminobutyric acid or both. Muramic acid is N-acetylated. Menaquinones are completely unsaturated with predominantly 11 isoprenoid units while MK-10, MK-12 and menaquinones with shorter side chains may occur as minor components. The major cellular fatty acids are anteiso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 17 : 0 and iso-C 15 : 0 . Phosphatidylglycerol, and one unknown glycolipid are present. Some species may contain diphosphatidylglycerol, an unknown phospholipid, or an unknown aminoglycolipid in addition; or diphosphatidylglycerol, phosphatidylglycerol, and one unknown glycolipid are present. Some species may contain only trace amounts of diphosphatidylglycerol. G+C values of genomic DNA range from 62 to 72 mol% (HPLC).
The type species is Leucobacter komagatae. The peptidoglycan contains L-Dab, D-Ala, L-Ala, Gly, L-Thr, D-Glu and lower amounts of L-Glu. The major menaquinone is MK-11. Phosphatidylglycerol and one unknown glycolipid are the major polar lipids while diphosphatidyglycerol and an unknown phospholipid occur in trace amounts. Anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 17 : 0 and iso-C 17 : 0 occur as major cellular fatty acids. The DNA base composition of genomic DNA of the type strain is 70.1 mol% G+C (HPLC).
DESCRIPTION OF LEUCOBACTER WEISSII
The type strain is S27 T (=DSM 20621 T =CCM 8762 T ).
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